
The lattice design of SppC collider ring

Haocheng Xu, Yiwei Wang, Jie Gao, Yukai Chen, Jingyu Tang

for the SppC Study Group

The Institute of High Energy Physics, Chinese Academy of Sciences

2022 International Workshop on the High Energy Circular Electron Positron Collider

26 Oct. 2022, IHEP, Beijing

1
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SppC lattice design

• Compatible with CEPC, 100km, 2 IPs

• 8 arc sections

• 2-in-1 yoke-sharing magnets

• both interleaved and non-interleaved sextupoles studied 

• 4 short straight sections

• RF region, dual-harmonic RF system (800 and 400 MHz)

• injection section after injection chain

• e-p collision with CEPC

• 2 long straight sections

• collimation section for both betatron and momentum

• extraction section

• 2 interaction regions 

• anti-symmetric interaction region

• chromaticity corrected with arc sextupoles
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More realistic lattice for RF and e-p regions are not implemented 

in this lattice yet.



Lattice optics

Arc FODO cell
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Dispersion suppressor

Collimation section Interaction region

interleaved sextupole

betatron and momentum collimation 𝛽∗ = 0.5m

30 cm



Nonlinearity optimization with interleaved sextupoles

• To get better nonlinearity cancellation for 90°/90° FODO lattice.

• Remove two sextupoles at the red arrow in DIS to make the amount of sextupoles in 

arc region to be an integer multiple of 4*

• Adjust the phase advance between different sections to optimize the 2nd order chromaticity 

and W-functions. 

• Match the working point of the whole ring to (0.12, 0.13) in consideration of beam-beam 

interaction.

5*Yiwei Wang, International Symposium on Higgs Boson 

and Beyond Standard Model Physics, August 15-19, 2016.
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Nonlinearity optimization with interleaved sextupoles
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Comparison of some key nonlinearities for different optimization steps, with 400 𝜎𝑥 and 400 𝜎𝑦, 0.05% energy spread, 

𝜀𝑛 = 1.22μm. ‘dis’: remove two sextupoles in DIS; ‘Q’: match working point; ‘W’: match the phase advances between 

different sections.

𝜎𝑥 = 0.035 mm

𝜎𝑦 = 0.084 mm

𝜀𝑛 = 1.22 μm



Nonlinearity optimization with interleaved sextupoles
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W-functions

Chromaticity

RF bucket half height: 0.022%

Amplitude-dependent tune shift and 2nd, 3rd, 4th 

order RDTs along the ring

Aberration analysis performed by LEGO code

IR Chromaticity corrected 

with arc sextupoles

working point is far from 

4th order resonances



Further optimization of the tune shift
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• Octupoles are installed for tune shift correction. 

• Hamiltonian of Octupole*:

• 𝑉 𝐼, 𝜙; 𝑠 =
𝐵′′′
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cos 2 𝜙𝑥 + 𝜙𝑦 + cos2 𝜙𝑥 − 𝜙𝑦 +

2 cos2𝜙𝑥 + 2 cos 2𝜙𝑦 + 𝛽𝑦
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2 c𝑜𝑠 4𝜙𝑦 + 4 c𝑜𝑠 2𝜙𝑦 .

• mainly care about 2nd order RDTs as the working point (0.12, 0.13) is far from 4th order and coupling 

resonances.

• Pairs of octupoles with equal strength and phase advance ∆𝜙𝑥 = ∆𝜙𝑦 = 90° works.

• Currently two pairs of octupoles are used. Further work is under going.

*Moohyun Yoon 1998 Jpn. 

J. Appl. Phys. 37 3626



Nonlinearity optimization with non-interleaved sextupoles

• 5 FODO cells per period. Most nonlinearities are cancelled in 4 periods and the tune shifts 

are significantly reduced compared with the interleaved scheme.

• Since the number of sextupoles is less than interleaved scheme, the sextupoles in arc will 

be stronger, thus the length of sextupoles is doubled to 1m to weaken the sextupoles.
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Dynamic aperture: larger than 3000𝜎𝑥 *3000𝜎𝑦 , 245mm*245mm with 𝛽𝐹𝑂𝐷𝑂,𝑚𝑎𝑥 = 365m and 𝜀𝑛 = 1.22μm



Magnet gradient and strength

• The aperture diameters of magnets are 

divided into two groups*: 

• in the insertions or matching 

sections, D = 60mm; 

• in the arcs, D = 45mm.

• All the 𝐵𝑝𝑜𝑙𝑒 of quadrupoles are below 

the limit of 20T.
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*CEPC CDR



Error definition

• Errors defined for all dipoles, quadrupoles and BPMs in lattice;
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*Reference radius of field error is 17mm. Ref: D.Boutin et al, optic corrections 

for Fcc-hh, IPAC2019



Error effects evaluation

• For each kind of errors, RMS values of the following observables along the ring are calculated: 

beta-beating, residual orbit, and normalized off-momentum close orbit distortion. 

• The alignment errors of quadrupoles on both planes seem to be most impactful to the machine 

performance, but still not severe.
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Error type
∆𝛽𝑥

𝛽𝑟𝑒𝑓𝑟𝑚𝑠

[%]
∆𝛽𝑦

𝛽𝑟𝑒𝑓𝑟𝑚𝑠

[%] ∆𝑥𝑟𝑚𝑠 [mm] ∆𝑦𝑟𝑚𝑠 [mm]
∆𝐷𝑥𝛿𝐸

𝛽𝑟𝑒𝑓𝜀𝑥𝑟𝑚𝑠

∆𝐷𝑦𝛿𝐸

𝛽𝑟𝑒𝑓𝜀𝑦𝑟𝑚𝑠

MB_b1 8.3 9.7 6.1 / 4.6 /

MB_b2 5.6 7.4 / / 0.8 /

MB_a2_random 4.2 3.2 / / 0.1 0.2

MB_a2_system 2.0 0.9 / / 0.1 0.3

MB_psi 2.2 2.2 0.5 6.5 0.7 7.5

MQ_b2 5.0 4.7 / / 0.2 /

MQ_dx 96.2 101.0 78.4 / 127.9 /

MQ_dy 14.2 13.8 4.5 25.9 11.0 40.3

MQ_psi 2.8 2.5 / / 0.07 0.5

* 𝛿𝐸 = 2 × 10−4，𝜀𝑛 = 1.22μm.

with non-interleaved sextupole lattice



Correction scheme

• All quadrupoles are equipped with a BPM and an orbit corrector (COR). And 

quadrupole correctors (skew or trim) can be inserted around the quadrupole.

• Coupling correction is performed with families of 8 skew quadrupoles around the 

middle of each arc, each corrector separated by 90° phase advance.

• Tune correction is performed with two families of 8 trim quadrupoles at the 

beginning and end of arc sections, each corrector separated by 45° phase advance.
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Ref: LHC-report-501



Error correction

The correction is performed by MADX code: 

1. Global orbit correction, to avoid twiss failing after errors are applied; 

2. Analytic correction of the linear coupling; 

3. Global orbit correction; 

4. Tune correction and chromaticity correction.
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Results are not satisfactory but not bad, and the correction of beta-

beating and dispersion-beating ∆D/βref needs further investigation.

preliminary

Results with one seed

with non-interleaved sextupole lattice



CEPC-SppC compatibility

• Geometry compatibility of the CEPC and SPPC 

• The SPPC will share the tunnel of CEPC as much as possible.

• The SPPC locates outside of CEPC

• In the 8 arc regions and 4 short straight sections, two machines share the tunnel (distance of 

machine centers=3.5m) 

• In the 4 long straight sections, the SPPC will bypass the CEPC (distance of machine centers at 

IPs=23m as the big size of CEPC and SPPC detectors) 

• IP1 and IP3 for CEPC interaction and SPPC collimation, IP2 and IP4 for CEPC RF and 

SPPC interaction
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Tunnel in the ARC CEPC Layout

IP1

IP3

IP2IP4

SPPC Layout

IP1

IP3

IP2IP4



Geometry compatibility at IP2 and IP4

• For IP2 and IP4, the SPPC interaction regions are much shorter than the CEPC RF regions. 

SPPC can bypass CEPC within a reasonable length using baseline bend (20T).

• Bypass Scheme

• add a short straight section at the end of ARC

• Lw is the additional length for bypass which is 0.28km for distance of 23m

• Total length of bypass at IP2 or IP4 is 4 km
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Part of arc is 

moved to here 

Add a short 

straight section

Lw

IP2 & IP4

SPPC 1.25 km

CEPC 3.42 m



Possible bypass Schemes

• bypass within a reasonable length using much stronger bend

• Lcol = 4.3 km, 28.3 T ≤ B ≤ 33.3 T, 8km ≤ length of bypass ≤ 10 km 

• bypass within a reasonable length using a bit stronger bend which need to shorten the 

length of SPPC collimation length thus a different design of SPPC collimation section

• 3 km ≤ Lcol < 4.3 km, 20T ≤ B < 28.3T, 6km ≤ length of bypass ≤ 10 km 

solutions of two schemes

CEPC IR

SPPC collimation

Geometry compatibility at IP1 and IP3
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Summary

• The design of SppC lattice for Ecm = 125TeV has been studied. 

Nonlinearity optimization has been performed.

• Interleaved sextupole scheme: DA ~ 400 𝜎𝑥 * 400 𝜎𝑦 w/o errors

• Non-interleaved sextupole scheme: DA ~ larger than 3000 𝜎𝑥 * 3000 𝜎𝑦 w/o errors

• Error tolerances of SppC collider ring lattice have been evaluated.

• Preliminary error correction scheme has been applied to the collider ring 

with non-interleaved sextupoles. It still needs more investigation as well 

as the correction of beta-beating and dispersion-beating ∆Dx/βref.

• A preliminary study on geometry compatibility of CEPC and SPPC was 

performed．
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